This paper introduces an empirical accessibility model for Mexico based on land transport infrastructure. The model assesses an attraction-accessibility measure derived from a gravity framework. The measure is estimated on a regional basis and can be interpreted as the market potential of a region. We introduce three versions of the model: the first measures the potential restricted to the domestic market, the second considers the external sector, and the third is essentially a regional accessibility index, which captures the domestic market potential at regional level. We carry out an exhaustive analysis to test the robustness of the accessibility model and find that its behaviour is robust with respect to several criteria.
methodologies to measure accessibility in four major categories, according to the subset of components on which they focus: infrastructure measures, location indexes, utility models, and individual-based accessibility. The first two categories correspond to the first definition and the remaining two correspond to the second definition by Banister and Berechman (2000) . Geurs and Wee (2004) classify infrastructure-based accessibility measures as those purely based on the performance of transport infrastructure. Among these measures, we can find simple indexes such as travelling speeds and congestion levels. The most important shortcoming of these measures is that they fail to incorporate land-use components such as the spatial distribution of destinations. Nevertheless, they have been widely used in transport and urban planning in both Europe and the USA (Ewing 1993 , Ypma 2000 .
Infrastructure-Based Accessibility

Location-Based Accessibility
The second category of accessibility measures according to Geurs and Wee (2004) are location-based and they include connectivity measures and potential models.
Connectivity measures are quantities that reflect the distance between an agent and a target.
Examples of these measures are the minimum impedance to a destination, and the average distance to a group of facilities. Urban planning and geography research have developed interesting applications based on connectivity. One of these applications is the isochronic measures, which present in a contour map the cumulative opportunities that can be reached within a given travel impedance.
On the other hand, potential models are one of the most important tools available in the literature. They estimate the impedance costs 1 of a trip and weigh them using the level of activity of the location that generates it. This allows the estimation of an accessibility measure for any route on the network. It is also possible to aggregate the estimated accessibility for every route to obtain a measure of accessibility for the whole transport network in question (Banister and Berechman 2000) .
Potential models can trace their origins to the early social physics tradition. They rely on the assumption that socio-economic interactions depend positively on the level of activity of a particular location, and negatively on impedance costs. The approach is closely related to gravity models, which have been used to analyse a number of socio-economic processes, such as trade, migration, and traffic flows (Bigman and Deichmann 2000) .
An attraction-accessibility measure (AM) is the functional form of potential models. Weibull (1976) presents an axiomatic framework for the formulation of these measures. His axioms impose general requirements on AM, which ensure consistent mathematical formulations for these models. Any measure that satisfies these axioms is called a standard attractionaccessibility measure (SAM). Equation 1 presents the general specification for this measure.
In this expression, x j is the activity level or attraction in zone j and d i,j is the impedance between zones i and j.
The most important advantage of potential models is that they can be estimated empirically.
They incorporate both a transport system and a land-use component. However, strictly speaking, they lack explicit behavioural foundations. Despite this, some theoretical frameworks provide a sort of behavioural justification to potential models. For example, AMs can be interpreted as a generalisation of a gravity model. These models can be derived as a particular case of a utility maximisation problem, under assumptions of monopolistic competition (Anderson 1979; Bergstrand 1985) . In the same way, Fujita, Krugman, and Mori (1999) propose a microeconomic model where a market potential measure, based on real wages, determines the location of new production centres in a land-use system.
Utility-Based Accessibility
Utility accessibility measures, which incorporate subjective judgements of individual's travel choices, are an alternative to potential models. This is the third category of accessibility measures identified by Geurs and Wee (2004) . Their objective is to provide a direct measure of the benefits obtained by individuals from a transport and land-use system in terms of utility or a pecuniary base, instead of measuring the level of an ad hoc potential interaction. Geurs and Wee (2004) indicate that utility-based models can be divided in two groups. The first group of models are based on an approach which was originally developed by Domencich and McFadden (1975) , Williams (1977) , and Ben-Akiva and Lerman (1979) . This approach assumes that expected utility is maximised given a random utility choice model. Therefore, utility depends on the opportunities of interaction that the individual faces. These opportunities are given by a fixed choice set. A result of the model is that the marginal expected utility of an opportunity is equal to the choice probability of that opportunity. This condition is exploited to derive an accessibility measure that resembles the general formulation of Weibull's SAM. The most important contribution of this type of model is that it identifies a correspondence between expected maximum utility and consumer's surplus (Miller 1999) . This property can be used to conceptually relate changes in accessibility to welfare variations derived from a transport and land-use system.
The second group of models is based on a double constrained entropy model. Entropy models derive three balancing factor measures for the trips generated in a particular zone, the trips attracted to this zone, and trips that take place between any two zones. These measures are derived from the transport-user measure in Williams (1976) . The balancing factor treats accessibility as a state vector of the interaction between transport and the land-use system (Martinez 1995) . The aim of this type of measures is to provide a strict definition of accessibility in economic terms.
Individual-Based Accessibility
A limitation of utility models is that they do not consider time and space constrains explicitly.
For example, in the expected utility model, activities are drawn from a fixed set, which constitutes only an implicit recognition of time budgets. Geurs and Wee (2004) classify those accessibility measures that incorporate spatial and temporal constrains into a fourth class.
These types of models, referred to as individual-based accessibility, are based on the spacetime geography framework developed by Hägerstrand (1970) . This approach pays special attention to the factors that constrain individual choices, analysing the interrelation between activities in space and time. The most important application is the space-time prisms, which is a tool to delimit all the possible locations for individual physical movements in space with respect to time. The shortcoming of this approach is also the lack of a behavioural element.
Utility and individual-based models have been successfully synthesised in the work by Miller Miller's accessibility is an ideal measure that incorporates all the components of accessibility proposed by Geurs and Wee's programme. However, from a practical perspective it is very difficult to apply this methodology to an empirical framework. An empirical version of this model would be highly intensive in data on travel behaviour and time budgets at individual level, a shortcoming shared by utility and person based models in general. In fact, the data necessary to calibrate these models is not typically available in standard travel surveys, not even for developed countries (Thil and Horowitz 1997) . The unavailability of data of this complexity explains why empirical research based on these methods has been restricted to relatively small regions and population cohorts.
The application of new technologies, such as geographic positioning systems (GPS), for the collection of more detailed and complete data on the flows of goods and passengers, will improve the availability and detail of data in the future. This will enable the application of the tools mentioned above to an empirical context, which will constitute an improvement on present methods.
Unfortunately, the present state and structure of data hinders that possibility, especially for the case of developing countries, where even standard travel surveys are rare. In these countries, potential market measures constitute by far the best available analytic tool for the analysis of transport systems and infrastructure.
EMPIRICAL FRAMEWORK
This section introduces an empirical framework for the estimation of a computable attractionaccessibility measure for Mexico based on land transport. Given the availability and structure of the Mexican data, the analysis needs to be done from the location perspective of accessibility, described in Section 2.2 above. We propose the estimation of the classic potential model as an empirical metric for market potential. The classic model is described by
Accessibility is defined as a function A i of vector x and matrix W, with x j and d i,j as their respective components, given a parameter . The elements of x can be interpreted as the level of socio-economic activity taking place in location j. The components of W represent an impedance measure between location i and j. Finally, the parameter  can be interpreted as the elasticity of the market potential of a particular link with respect to impedance.
Accessibility depends positively on the socio-economic size of each node in the transport network, and negatively on the impedance between the nodes. Intuitively, this variable can be interpreted as the market potential of a particular location, or the opportunities for economic interaction that an agent faces. The intuition is clearer from the perspective of a gravity model: accessibility is equal to the sum of all the interaction flows that affect a particular location, given its relative size. Equation 3, where T i,j represents the interaction flows between i and j, illustrates this point. These flows can be interpreted directly as traffic through the road network so that the decay parameter  is the elasticity of this variable with respect to impedance. Finally, we focus on the industrial sector in Mexico. Therefore, the study concentrates on freight only.
Equation 3
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Travel Times as Impedance Measure
We propose a time-based impedance measure as an approximation to the generalised cost, so that W is the set of optimal solutions that minimise the travel time between any two locations. 2 Ideally, a generalised-cost measure would include a time-based component and a distancebased component, which would capture the cost of fuel and vehicle use, tolls 3 , and any other distance-related cost. In the case of the Mexican road network, there are no readily available detailed data on tolls for the different sections of the network or on the value of time. The value of time for this exercise would need to be estimated based on average wages in the transport sector, available from the National Economic Census (NEC), combined with data on the volume and type of freight moved on each route, not available in any of the Mexican government statistics. Therefore, the use of travel times as impedance measure is a good compromise. Table 1 presents the cost structure of the freight industry in Mexico for 2004. These figures show that tolls represent five percent of the total running costs of the sector respectively. This magnitude suggests that, as long as the costs are uniformly distributed across the domestic routes, their exclusion will not significantly modify route choice. 4 Moreover, recent studies on travel demand and travel costs show that the estimated elasticity of traffic respect to variable transport costs in Mexico is quite low 5 (Crotte et. al. 2008) . Despite Crotte et. al. (2008) not explicitly considering tolls, their result strongly suggests that minor increments in travel cost do not affect travel behaviour in an important way. Under these assumptions, optimal routes 6 estimated under time-based impedance will be essentially the same as those based on generalised-cost measures. Consequently, a time-based accessibility model would behave in a similar way to a more detailed model based on complete generalised costs.
Domestic and International Market Potential
Total market potential has two differentiated components. The first is the potential for domestic markets. This element can be characterised by an accessibility model restricted to a subset of elements i, j, such that they are geographically located within the national territory.
The use of land transport to model accessibility to domestic markets in Mexico is justified by the importance of this mode of transport relative to other alternatives. In fact, 85 percent of all domestic freight in Mexico relies on land transport (North American Transportation Statistics, NATS 2006) .
The second component of total accessibility is the potential for international markets. This element is particularly important for Mexico. After joining the North American Free Trade Agreement (NAFTA) in 1994, the country transformed itself into an export-oriented economy. Nowadays, the external sector 7 represents 60 percent of the gross domestic product (GDP). Almost 70 percent of these trade flows take place with the USA, by far Mexico's largest trade partner. Mexico and the USA share a border of more than 3,000 km. Therefore, it is not surprising that road transport ranks as the most important mode of international transport, with 71 percent of the international trade between both countries taking place by road.
The importance of international freight indicates that international market potential must be explicitly considered in the accessibility model. The characterisation of international 6 An optimal route is defined as the route that minimises travel times between any two points i and j. 7 It includes the total value of exports and imports. accessibility follows the same function presented in Equation 2. However, for this case the model is restricted to a subset of elements {i, j} such that i is located in Mexico and j in the USA. The international accessibility function depends on a vector x, which represents the weight of international location j and is equivalent to the vector x used to estimate domestic accessibility. The components of W also represent an impedance measure between domestic and international locations i and j.
As in the estimation of domestic accessibility, the model uses a time-based impedance measure. The limitations of this approach, which have already been discussed for the domestic case, also apply to the estimation of this index. Despite the fact that there is information for the USA that would enable us to estimate generalised costs, it would still be impossible to do so for Mexico. Moreover, due to the fact that the model needs to work on the same type of parameters, we need to stick to the time-based impedance for the USA case as well. 8 Finally, an additional fixed component of impedance, which can be incorporated into the model, is the cost of crossing an international border. Detailed data about average crossing delays through the most important international land gateways is publicly available. This data can be directly used, without the need to make any further assumptions, enriching the accuracy of the accessibility model. This approach has been previously used in accessibility models where border delays used to play an important role such as, for example, in pre-Maastricht Europe (Keeble and Walkers 1988; Fürst and Schürmann 2000; Schürmann and Talaat 2000) .
Geo-Statistical Framework
In an ideal situation, accessibility would be modelled for all the individual settlements, defined as villages, towns, cities, or metropolitan areas. However, this would be an incredibly challenging enterprise from a computational perspective. 9 Therefore, the selection of a suitable geo-statistical framework for the estimation of the accessibility model requires a compromise between computing capability and geographic detail.
An alternative is the use of a geo-statistical framework based on a low tier of government: for example the municipio in Mexico and the county in the USA. The problem of this approach is that most of the time these geopolitical units comprise an arbitrary territory, which does not reflect real socio-economic interactions. For example, the metropolitan area of Mexico City is formed by at least 22 municipalities, which would be treated as independent geo-statistical units. Individually, they do not necessarily capture the magnitude of the metropolitan area that they constitute.
In the European context, a common approach is the use of regional data based on the third level of the Nomenclature of Territorial Units for Statistics (NUTS). For some countries, the equivalent NUTS3 is a defined political or administrative unit but this is not always the case.
A NUTS3 approach in the North American context would rely on the definition of economic regions, not associated to any tier of government. For the case of Mexico, Bassols-Batalla (1993, 2002) has proposed a criterion for the regionalisation of its territory in 135 functional regions. 10 For the case of the USA, the Bureau of Economic Analysis (BEA) has identified 177 economic regions in the 48 contiguous states. 11 9 Mexico has 4,028 urban settlements and the United Sates, 34,611.This would require the estimation of a 38,639 x 38,639 origin-destination matrix. Moreover, with the exception of population, there is no publicly available socio-economic data at this aggregation level for either country. 10 Bassols-Batalla (1993, 2002) defines a region as a geographical area characterised by a particular economic structure, which exhibits a high degree of homogeneity, and has developed particular internal and external links in comparison to other regions. 11 The BEA defines a region as a group of counties within a labour market in which the proportion of resident workers who commute to a given central county exceeds the proportion who commute to alternative central counties (Berry el. al. 1968; Johnson et. al. 2004 ). This methodology leads to a list of economically and socially integrated geographical units, in the same spirit as Bassols-Batalla's regionalisation of Mexico.
Regional Accessibility
A functional region describes the relationship between a hinterland and a central or nodal city.
Therefore, a regional model of accessibility is useful for the analysis of the socio-economic interactions between these hinterlands. However, it fails to identify the regional interactions taking place in it. In order to provide a more complete picture of Mexico's market potential and its dependence on road infrastructure, we estimate a variant of the accessibility function to characterise the domestic market potential for each region in Mexico.
Equation 4 defines the accessibility between any two locations i and j located in region r. The regional accessibility is defined as the weighted average accessibility within the region, where the elements  of matrix   are taken as weights. Just as the standard accessibility model, this function depends on the structure of the road network in a particular region and on its Road
The estimation of the accessibility index, as presented in Section 3 above, requires two groups of variables. It requires, first, a vector of socio-economic variables x, which captures the weight of location j as source and destination of socio-economic interaction, and second, the estimation of the components of the impedance matrix W, characterised as the typical time required to travel between any pair of locations {i, j}.
Socio-economic Variables
In order to assess the robustness of the model, several versions of the accessibility function are estimated using different definitions for vector x. In particular, we centre our attention on five variables: population, non-farm workforce, manufacturing workforce, non-farm personal income, and total wages and salaries. In principle, these variables should be proportional to the size of the regional markets that they represent, making them good proxies for the estimation of market potential. However, there are some potential sources of divergence between the different versions of accessibility. In particular, geographic inequalities in income distribution could be reflected in systematic biases between an accessibility measure based on pecuniary variables and a measure based on demographic indicators. Table 2 .
Geographic Information System Variables
The optimal travel times in the accessibility model were estimated under the North American Geographic Information System (GIS) Road Network Model (Duran Fernandez 2014). 13 For the domestic accessibility model, we estimate the minimum travel time between any two of the 135 regions of the country. For each region, the urban settlement with the highest population was defined as a node on the road network. For most of the regions, this settlement was typically the closest one to its centroid. 14 For those regions where two or more settlements could be ranked as the one with the highest population, we selected as the node the one closest to the centroid. For the international accessibility model, we estimate the minimum travel time between any of the 135 Mexican regions, and any of the 177 economic regions of the 48 contiguous states in the USA. For the USA the city with the largest population within a region was defined as a node of the network. 12 All the pecuniary variables are expressed in USD using the February 2008 exchange rate published by the Central Bank of Mexico. 13 We use the Network Analyst utility of ArcMap 9.1 The algorithm used by this utility finds the minimum cost between any two nodes, considering the length and average speed of each section on the network. 14 Centroid is defined as the geographical centre of a region.
The regional accessibility index requires the estimation of matrix W for all the urban settlements located in a particular region. The geographic coordinates of each of the 4,028 urban settlements in Mexico were taken from the Integrated Geo-statistical System Browser of Mexico. Then, for each region, we estimated an origin-destination (OD) matrix of minimum times, which considers as nodes all the urban settlements within their boundaries. This is also based on the North American GIS Road Network Model.
ESTIMATION
A gravity model can be interpreted as a generalisation of a potential model. In a gravity model framework, we estimate the interaction between two specific locations, while in a potential model approach the measure is extended to all possible or relevant destinations. Under this interpretation, we can assume that the impedance decay parameter  in the accessibility model is equivalent to the elasticity of the interaction flows with respect to the impedance costs of a simple gravity model (Fotheringham 1981) . This assumption is extremely useful because it allows the estimation of the parameter from actual data on relevant interaction patterns (Bigman and Deichmann 2000) . The alternative to this empirical approach is the calibration of this value in function of ad hoc properties that the accessibility model should fulfil. Some examples of this approach for the European Union include Fürst et. al. (2000) and Schürman et. al. (2000) . Deichmann et. al. (2004) uses this approach for the Mexican case.
The accessibility model presented in this section is estimated following a combined approach. 
Interstate Gravity Model for Freight Flows
The gravity equation is an analytic tool widely used for modelling bilateral flows between different geographic entities. Equation 5 presents a general version of the gravity model. In this expression T i,j is the flow from origin i to destination j, K is a constant, M i and M j are relevant socio-economic variables of the two locations -also known as economic masses,
given their resemblance with mass in Newton's Gravity law-, and f(·) is a function that depends negatively on transport costs d i,j between the two locations. The classic version of the model considers for this function d i,j raised to a power , where  <0.
Equation 5
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The estimation of Equation 5 is straightforward using different econometric techniques. It can be transformed in a linear model taking logarithms on both sides of the equation. However, Anderson and Wincoop (2003) argue that this specification is not correct due to the fact that it does not take into account multilateral resistance terms. The solution proposed by the authors is to explicitly consider importer and exporter fixed effects. Another modification is the inclusion of a remoteness index that measures the average distance of a region from all trading partners. The final specification is presented in Equation 6, where fe and r represent a geographic effect specific to j, and the remoteness index respectively, and  is a stochastic variable. The empirical literature has used different socio-economic definitions as economic variables M, such as gross production, gross value added, population, and workforce among others. Travel costs are usually measured as the physical impedance between locations i and j.
Equation 6
The empirical literature from international trade presents several examples of estimation of gravity models. The objective of these studies has been centred on the analysis of the determinants of trade, so that the impedance variable plays only a secondary role as a control in the estimation. In general, the mean elasticity of impedance with respect to trade flows has been estimated at 0.9 with a 90 percent of estimates lying between -0.28 and -1.55. These results have been estimated using meta-analysis techniques on an exhaustive survey of existing literature (Disdier 2006) . In North America this elasticity has been estimated at -1.52
for Canada (McCallum 1995) and -0.77 for the USA (Wolf 2000) , using provincial and state trade flows respectively. In Mexico, this type of assessment has only been carried out using data on international trade flows. The estimated elasticities lie between -0.9 and -1.4 (Lopez-Cordova 2002; Montenegro 2006; Soloaga 1996) .
Estimation of Interstate Freight Flows
The dataset used in this estimation is a module of the NEC 1999. The remoteness index is included as a geographic control, following the work of Anderson-Wincoop (2003) . It is calculated as described by Equation 7. In this expression N j is the population of state j, d i,j is the travel time between state i and state j -defined as the weighted average of the travel time between the major metropolitan areas-and A is a standardisation.
Equation 7

In order to assess the robustness of the model, different estimations were carried out using each of the following economic variables: total population, workforce (total, industrial, services, and both), and gross state product (total, industrial, services, and both). The estimation of the model shows that the estimated elasticity of distance with respect to freight flow is remarkably stable independently of the chosen economic variables. As impedance measure, we consider the weighted average travel time between the major metropolitan areas of a state (Table 3) .
Results and Selection of Canonical Parameters
The model is estimated using ordinary least squares (OLS) with robust standard errors. To explore the robustness of the model, we estimate it using nine different definitions for the socio-economic variables M i and M j : total gross product, gross production of the secondary sector, gross production of the tertiary sector, non-farm gross production, total population, total workforce, workforce of the secondary sector, workforce of the tertiary sector, and nonfarm workforce. Table 4 presents the results of the OLS estimation of the decay parameter of the gravity model. The first four columns (under the heading 'canonical') present the coefficients, standard errors, and the adjusted R 2 for the model that includes state controls. The last four columns (under the heading 'no dummies') present the results of the same model but omitting dummy variables to control for states.
In the 'canonical' estimates column there are two sets of results: the first does not assume any restriction on the coefficient of the socio-economic variables M i and M j (i.e. γ 1 ≠ γ 2 ), while the second assumes that they are equal (i.e. γ 1 = γ 2 ). It is important to note that the estimated parameter is remarkably stable across the different definitions for the economic variables. The results indicate that state specific effects work as a good control for any omitted variable, generating an unbiased estimation of the parameters of the model. In the 'no dummies'
estimates column, we also present two sets of results that correspond to the unrestricted and restricted models respectively. These 'no dummies' results exhibit more variations in comparison to the model that includes the state controls. However, the estimation continues to be stable. In fact the average elasticity estimated with the model that excludes the dummies for the states (-0.8) is very close to that estimated with the model that includes them (-0.7).
Finally, the adjusted R 2 statistic indicates that explanatory power of the 'canonical' models is larger than any of the 'no dummies' model. This property indicates that the decay parameter estimated under the 'canonical' model would predict the actual interstate freight flows in the dataset more accurately. The stability of the decay parameters of the 'canonical' model as well as the higher explanatory power that it provides, suggest that the extrapolation of this statistic into the accessibility model, represent a superior choice in comparison to other options. 15
Poisson Regression
A criticism of the Anderson-Wincoop methodology, which is followed in this exercise, concerns the probability distribution that is assumed for the empirical version of the gravity model. Santos and Tenreyro (2006) argue that due to Jensen's inequality, an OLS estimation of the logarithm of T i,j would lead to biased estimates. As a solution to this problem, the authors apply a Poisson model, using pseudo-maximum likelihood estimation. Here, we follow Santos and Tenreyro (2006) and carry out a Poisson analysis of the gravity model. 15 The original freight flows dataset contains information for only the main freight origin and destination for each state. As mentioned above, the volume of freight labelled as 'other' represents, on average, only 14 percent of the state freight. This volume was equally allocated to the states with missing data. The OLS regressions reported in Table 3 were run under those assumptions. In order to explore how this methodology affects the results we re-estimated the model using only the hard-data of the original freight flows dataset. We found very similar results to those reported in Table 3 : a stable decay parameter with respect to all the different definitions for the socio-economic variables, and very close average values for the parameter computed using the 'canonical' and 'no dummies' models: -0.86 and -0.87, respectively. An important problem in the estimation of the Poisson model is that it drops all the observations with negative values. An alternative solution is to perform a linear transformation on T i,j such that the values of the explanatory variables are positive.
Unfortunately, the results of the estimation are not always neutral to the linear transformation.
Therefore, we estimated two versions of the model. The first drops all the negative observations while the second uses as explanatory variable the linear transformation
The elasticity estimated using this methodology is roughly half the one estimated under the OLS regression (-0.3). In spite of this difference, the general patterns described in the OLS analysis are kept: the parameter is remarkably stable across the nine definitions of socioeconomic variables M i and M j , and on average, the elasticity for the hard-data estimation is slightly higher in absolute value, and the variability of the estimated parameter is higher when the state controls are omitted.
In summary, the estimation of the absolute value of the decay parameter under the OLS regression was always between 0.67 and 1.03, while the absolute value of the Poisson parameter took values between 0.22 and 0.35. The difference between the decay parameters estimated under the OLS and Poisson models, as argued by Santos and Tenreyro (2006) , could be the result of bias due to an incorrect assumption on the probability distribution.
However, we note that this is not the case under an assumption of log-normality of the explanatory variable T i,j . Under this assumption, the Santos-Tenreyro bias does not arise. In this case, the difference between the two models can be easily attributed to the linear transformation of the data, the dropping of observations, and the additional restrictions on the specification of the model, rather than to an estimation bias.
The probability distribution of the logarithm of T i,j has a minor negative bias (0.6) and its kurtosis is slightly higher than that expected for a normal distribution (7). However, this behaviour can be attributed to measurement errors and does not rule out the log-normality assumption. On the other hand, under the Poisson assumption the variance of T i,j should be equal to its mean, a condition not fulfilled by the data. Our data does not conclusively support either the log-normality or the Poisson distribution. However, it is worth noting that the histogram of both the logarithm of the observed and estimated explanatory variable T i,j is closer to a normal distribution than to a Poisson process, as shown by Figures 1A and 1B .
Also, it is clear that the log-normality assumption does not impose more restrictions than the Poisson one. Therefore, we will assume that the canonical value of the decay parameter is the one estimated under the OLS regression, a value that is close to the results obtained by Wolf (2000) for the USA. Another argument in favour of the OLS regression is that the 99 percent confidence interval for the decay parameter estimated with the OLS regression is always negative, generating coherent estimators from a theoretical perspective.
Finally, it is worth mentioning that most of the literature on gravity surveyed by Disdier (2006) estimate the absolute value of this parameter above 0.5 (in fact, none of the studies for North America estimates the parameter below this threshold). This result favours the selection of the OLS model as the canonical case. In any case, the analysis of the accessibility model presented in Section 6 shows that differences in the estimates of the parameter in the range found between the OLS and the Poisson model are not translated into divergences in the behaviour of the corresponding accessibility model.
Extrapolation to the Accessibility Model
We have already presented several arguments in favour of choosing the OLS estimate that includes state controls as canonical or base value. Among those arguments, we recall the stability of the estimation with state controls, and the similarity of the decay parameter with the results of previous literature carried out in other North American countries. This value is -0.73 and it is assumed to follow a normal distribution with an estimated standard deviation of 0.11. The use of this value as an input in the accessibility model faces an important consideration about the convenience of extrapolating results, based on interstate freight flows, to an interregional context. The problem arises with the implicit assumption that the decay parameter is independent from the geographical scale. Unfortunately, the interstate freight flow database used in the gravity model is the only source that allows this kind of empirical exercise. Therefore, it is not possible to test empirically if the decay parameter is sensitive to geographical scale.
Nevertheless, there are two arguments in favour of the extrapolation of these results to the regional accessibility model. The first is that the literature for Mexico shows that the estimated decay parameter in an international trade context is not considerably different from our estimate; as explained in Section 5.1, the elasticities lie between -0.9 and -1.4 (Lopez-Cordova 2002; Montenegro 2006; Soloaga 1996) . The other argument is that for most of the states in Mexico the economic activity is concentrated in a few metropolitan areas. Therefore, the interstate freight reported in the Origin and Destination Freight Survey must be driven by actual intercity flows. Although the structure of data does not allow us to test this claim the notion that the estimated state parameter is close to the actual interregional value is not counterintuitive.
Finally, a word should be said about the assumption that the decay parameter is constant across the country. Fotherigham (1981) shows that the calibration of the decay parameter for pairs of cities in the USA presents an important degree of variation. From the perspective of the econometric estimation of the model, these differences are absorbed by the residual of the regression and are assumed to be independently distributed. However, Fotherigham suggests that this is not the case, and they depend in fact on the interurban spatial structure. If this were true, the gravity approach would lead to inconsistent estimates for accessibility. Nevertheless, this is a general criticism to the potential approach to accessibility rather than a specific problem with the present study. The literature proposes some alternative approaches to surpass this issue. One of the most promising methodologies would be the application of micro-behaviour accessibility models, such as the one presented by Miller (2000) . However, the application of these types of models is not possible given the present state and structure of data in Mexico.
ROBUSTNESS ANALYSES
The results of the interstate gravity model in Section 5 show that the absolute value of the decay parameter lies between 0.67 and 1.03, if it is estimated using an OLS regression, or The accessibility model is essentially non-dimensional. For this reason, the effect of the parameters on its absolute magnitude is not important (Bigman and Deichmann 2000) . In fact, the relevant information that the model provides depends only on the values that it takes for each observation (in this case, a region), relative to the rest of the system. If the two versions of the model present a high and positive correlation, then the relative value of accessibility for every region with respect to the system is not significantly sensitive to the parameters. Equation 9 summarises the statistic that is assessed in this exercise. Function  is defined as the sample correlation coefficient between two different versions of the model, where i represents a region. The parameters are chosen from a set  such that all its elements are in the interval (0, 1.5]. All the possible values for the decay parameter found in the gravity estimation are located in this interval.
Equation 9 16
Initially we estimate  for x=x´, defining this vector as population. We select 100 random values for ˆ and   (i.e. the decay parameters of models A and A' respectively) from the set , such that  is estimated at 10,000 different points. The exercise is carried out separately for the domestic and the international versions of the model.
The results are summarised in Figure 2A and 2B. On these graphs, the darkest area corresponds to high correlation values where  is close to one. For the domestic accessibility model (Figure 2A) , the correlation  is never below 0.7 in the interval , and the larger the difference between the two parameters, the lower the correlation is. It is worth recalling that according to the OLS gravity model, the decay parameter presented values between 0.67 and 1.03. For that interval the correlation is always higher than 0.99. Also, the correlation  in the region where the mean values of the Poisson and the OLS parameters intercept is always higher than 0.95. 17 This takes place for both the domestic and the international versions of the accessibility model. These results show that variability in the decay parameter of the model within these limits does not affect the overall behaviour of the model at regional level. Figure 2B presents the results of the international version the model. For this case, the estimated correlation  is lower in comparison to the first exercise. This result is not surprising because the typical value of d i,j for the international optimal routes is larger than in 16 In Equation 9, A , A  are the means of A and A', respectively. A' is the accessibility model evaluated in Finally, we perform a similar analysis at the regional model. The results of this exercise show that the correlation  is always higher than 0.9 for values of the decay parameter located in the interval . In comparison to the domestic and the international versions of the model, regional accessibility presents the most stable behaviour with respect to .
We can extend this methodology to explore the sensitivity of the model with respect to vector x. We consider five possible definitions for this vector: population, non-farm workforce, manufacturing workforce, gross value added, and total wages. These variables can be built at regional level for both Mexico and the USA. The exercise can be applied to the domestic and the international version of the model. Unfortunately, it cannot be extended to the regional model because x can be represented only by demographic variables, due to the unavailability of other indicators at town level.
For each of the domestic and international models there are ten possible permutations for the correlation  depending on vector x. In each permutation, we select 1,000 values of  from the set  to evaluate the correlation in
on the stability of the accessibility model with respect to the definition of x, given a value for
ˆ.
The results of this exercise show that for every permutation (x, x`) the correlation between the resulting accessibility models is always higher than 0.9. In general, the correlation between the models based on demographic and monetary variables is slightly lower when compared to the other cases. Nevertheless, this value is high in absolute terms: for example, the correlation between the population and the non-farm gross value added model is close to one for the relevant interval of . The results of this exercise show that the behaviour of the accessibility model is remarkably stable, independently of the type of variable x that is used to assess its value.
A final concern about the robustness of the model is its functional specification. Several functions can be used as valid attraction-accessibility measures and there is no a priori reason to select one over another. It would be impossible to test the robustness of the classic model presented in this study in comparison to all other possible alternatives. Therefore, we limit ourselves to the estimation of the decay exponential model, often cited in the literature.
Equation 10 presents the functional form of this alternative.
Equation 10
Mathematically, this function shares many of its properties with the classic model. However, from a conceptual point of view it presents a significant difference with the classic model: the elasticity of the individual potential between i and j is proportional to impedances, while in the classic model this value is assumed to be constant.
We estimate an empirical value for i Ã to calculate the correlation of this specification with the classic model. To be consistent with this specification, the decay parameter of i Ã is estimated from a version of the canonical gravity model that considers d i,j instead of log(d i,j ), as explanatory variable of the logarithm of traffic flows. The estimated correlation between i Ã and A i is 0.91 and 0.90 for the national and the international versions. The result holds for values of the decay parameters ,  in a range between 0 and 1.5: the estimated correlations are always above 0.9. This indicates that given a spatial structure (x, W) the behaviour of the model is not sensitive to a particular functional form.
The results of the exercises presented in this section show that the behaviour modelled by the classic model is robust with respect to variations in the decay parameter , different definitions of vector x, and the functional specification of the model.
MEXICO'S ACCESSIBILITY GEOGRAPHY
This section presents a general description of the spatial structure of accessibility estimated under the domestic, international, and regional versions of the model. Table 5 
Domestic Accessibility
The regions in the central and western-central areas of Mexico (macroregions IV and V in Table 5 ) present the highest domestic accessibility levels in the country. This pattern is explained by the fact that the two most important regions are located in these areas (Mexico Basin and R147): these regions present a high population, the road network is dense, and it is composed of high quality links. Another area that presents an accessibility level above the national average is the eastern part of the country (macroregion VII in Table 5 ). This area is geographically close to the highly populated regions of central Mexico.
The southern regions (macroregion VI in Table 5 ) present an accessibility level close to the national average. Two important motorways link Mexico City and the southern states of Guerrero and Oaxaca with a RT equivalent to A4 and A3, respectively. 18 The presence of these links ensures that the overall accessibility of the regions in the area is not below the national average. However, there are some important exceptions. For example, the states of Chiapas, in the southernmost part of the country, the coast of Oaxaca, and the mountains of Guerrero, present some of the lowest accessibility levels.
The northeast and north central regions also present an accessibility level similar to the national average. These regions are characterised by higher population dispersion and lower road densities. In general, central Mexico has more and larger settlements than these areas.
However, some important cities, such as the metropolitan area of Monterrey and the border city of Juarez (the third and fourth most important cities in the country by population), are located in this area. Both the northeast and the north central regions are well connected to central Mexico by high quality roads with a RT equivalent to A4.
The regions with the lowest accessibility are located in the northwestern part of Mexico and the Yucatan Peninsula (macroregions II and VIII in Table 5 ). The low accessibility levels of the California and the Yucatan Peninsula are mainly driven by the peculiarities of Mexican geography. Besides, the regions are linked to the rest of the country by limited and low quality roads. The effect of a poor road endowment is illustrated by the northwestern regions located on the east margin of the Gulf of California. These regions are practically isolated from the rest of the country by the mountain of Sierra Madre. In fact, there are no direct westeast roads to connect this area with the industrial cities of the northeast. This explains that some of the regions with the lowest accessibility levels are located in this zone.
International Accessibility 19
In general, the geographical distribution of international accessibility can be explained by the proximity of a region to the USA. However, there are important peculiarities that can be attributed to infrastructure endowments. The regions with the highest international accessibility are located in the northeast part of Mexico (macroregion I in Table 5 ), an industrial area close to the state of Texas and the most important gateway for the Mideast.
Accessibility is evenly distributed in this area, and it does not drop with distance in comparison to the other border regions. The northwest of Mexico has a lower accessibility in comparison to the rest of the border areas. This is explained by the relatively longer distance between this area and the Great Lakes and the Mideast.
The north-central regions also present an international accessibility above the national average. This area has a unique location: it is in the intersection of the most important international trade corridor. Despite its unique location, the regions in this area depend predominantly on one single road corridor and the secondary network is not well developed.
The further a region is from the international border the highest is its dependence on poor national roads and as a result, the lower is its accessibility. In fact, accessibility drops at a higher rate in this area in comparison to the northeast, illustrating the poor quality of regional roads.
In the central area of the country, international accessibility is evenly distributed. However, there are important and uneven variations in the south. For example, the state of Guerrero presents accessibility levels that are comparable to regions located 200 km closer to the border. In the State of Oaxaca, which is on the same latitude as Guerrero, accessibility drops significantly. These differences can be solely attributed to the structure of the road network and the RT of the roads serving as international links. Finally, the regions with the lowest international accessibility are located in the Yucatan Peninsula.
Regional Accessibility
Regional accessibility measures the market potential within a particular region, as a function of the spatial structure of the urban settlements, the domestic structure of the regional roads, and the RT. The index is slightly correlated with total population and population density, with coefficients of correlation of 0.45 and 0.33, respectively. Population dispersion also plays a significant role: the number of settlements in the region has a correlation of 0.34 with the index. These properties make the model take larger values in high density regions, such as those with large metropolitan urban areas (Mexico City, Guadalajara and Monterrey).
However, low density regions with high population dispersion also present high values for this variable (South Guanajuato and Central Oaxaca).
FINAL REMARKS
This paper introduced an empirical metric for accessibility in Mexico, based on a classic potential model. This variable depends on the spatial distribution of socio-economic activities in Mexico and on the provision of transport infrastructure. The first component captures the effect of the land-use system in Mexico, which in the model is taken as given. Transport infrastructure is characterised in terms of the structure of the transport network and its RT.
The accessibility model can be indirectly interpreted as a proxy for welfare -given that it is not expressed in monetary units-under the theoretical results reviewed in the Section 2.
Moreover, it can be used as a proxy to the value of road infrastructure, under the assumption that producers are able to translate variations in accessibility into value. The results of this analysis show that the behaviour of the model is robust with respect to alternative specifications, the choice of the parameters within a reasonable space, and the variables that measure the activity level of each location. Source: Own calculation /1 GDP includes production of all economic sectors in the state /2 GDP II includes production of the secondary sector in the state /3 GDP II includes production of the tertiary sector in the state /4 Non Farm GDP includes production of the secondary and tertiary sector in the state /5 Workforce includes total employment in the state /6 Workforce includes employment in the secondary sector in the state /7 Workforce includes employment in the tertiary sector in the state /8 Non Farm Workforce includes employment in the secondary and tertiary sector in the state /9 The coefficient and standard error are the same for all the cases up to the fifth decimal /10 The statistics are the same for all the cases up to the fifth decimal 
